Summary Cytogenetical studies were carried out on 13 specimens of Rhamdia sp. from Grande stream (Paraíba do Sul river basin, Mantiqueira hills, Brazil). It was evidenced a standard diploid number 2nϭ58 chromosomes (46M/SM and 12ST), plus 1 to 4 B chromosomes, found in 10 specimens. One individual presented natural triploidy, lacking B chromosomes. Fluorescent in situ hybridization with 5S and 18S rDNA probes was employed to improve the conventional karyotypical analyses. Inferences about the presence of supernumerary chromosomes within the genus Rhamdia, based on the karyotypical evolutionary pattern of this group, as well as the reoccurrence of natural triploidy in fish at Mantiqueira hills are discussed.
Several cases of polyploidy were previously reported in lower vertebrates. However, triploidy has been the unique form of natural polyploidy described in Neotropical fish, comprising 14 cases (Centofante et al. 2001) . Amongst the putative hypotheses about the origin of triploid fishes, two of them have been mostly accepted. The first one involves the fertilization of a gamete lacking meiotic disjunction (2n) by a haploid gamete (Cuellar and Uyeno 1972) , as suggested for triploid individuals from populations of Astyanax schubarti (Morelli and Bertollo 1983) , Hoplerythrinus unitaeniatus (Giuliano-Caetano and Bertollo 1990) , Astyanax eigenmanniorum (Fauaz et al. 1994) , A. scabripinnis (Fauaz et al. 1994 , Maistro et al. 1994 , among others. Again, this hypothesis was considered and reinforced for Characidium gomesi, a species that bears a ZZ/ZW sex chromosome system, where a triploid fish presented 2 Z chromosomes and 1 W chromosome (Centofante et al. 2001) . The second hypothesis considers the retention of the second polar body during the gametogenesis for the oocyte formation (Magee and Phillip 1982) .
Supernumerary or B chromosomes were described in several animals and plants species (Jones 1975) . Since the first report in a Neotropical fish species, Prochilodus lineatus (cited as P. scrofa, Pauls and Bertollo 1983) , several other cases have been found nowadays comprising nearly nine families (Almeida- Toledo and Toledo-Filho 1985 , Venere and Galetti Jr. 1985 , Pauls and Bertollo 1990 , Fenocchio and Bertollo 1990 , Salvador and Moreira-Filho 1992 , Dias and Foresti 1993 , Fauaz et al. 1994 , Maistro et al. 1994 , Portela-Castro et al. 1999 , Fenocchio et al. 2000 , Néo et al. 2000 .
Chromosomal analyses of Rhamdia sp. (Pimelodidae), from Mantiqueira hills (Brazil), were performed in the present study with the description of a natural triploid individual, besides the occurrence of B chromosomes. The present data are discussed based on evolutionary pattern of the genus and on characteristics of the selected region. the presence of metacentric supernumerary chromosomes, ranging from 0 to 4. These chromosomes could be characterized both as small and microchromosomes, the first ones undifferentiated from standard (A) chromosomes by conventional Giemsa staining. Different combinations of small and micro-B chromosomes could be seen, however, in metaphases with 2nϭ62 chromosomes, two small and two microchromosomes were constantly detected (Fig. 1) . A female individual presented 2nϭ3xϭ87 chromosomes, characterizing a natural triploid lacking supernumerary chromosomes (Fig. 2) . Conspicuous Ag-NORs were detected on the short arms of the 27 th chromosomal pair ( Fig. 1  box) , with frequent association between these regions. Occasionally, a heteromorphism of NOR size was observed between the homologous chromosomes. The triploid specimen presented from one to three Ag-NORs, located on the 27 th chromosome. Heterochromatic blocks were observed at centromeric (or pericentromeric) position in most of chromosomes, besides other C-bands located at telomeric region of some chromosomes. Heterochromatin segments were evident at telomeric region of both arms in the metacentric pairs 10 and 22. The regions corresponding to NORs, at 27 th chromosomal pair, as well as B chromosomes, showed to be entirely heterochromatic (Fig. 1b) .
Positive fluorescent bands, equivalent to Ag-NOR sites, were observed at 27 th pair after chromomycin A 3 staining. Similarly, three of such regions were detected in the triploid individual (Fig.  3C ). No additional CMA 3 band was detected in the karyotype.
Fluorescent signals, equivalent to Ag-NORs, were observed after fluorescent in situ hybridization with 18S rDNA probe (Fig. 3A) . On the other hand, 5S rDNA clusters were detected in a pericentromeric locus located in a meta/submetacentric chromosomal pair (Fig. 3B) . Three of such marks were observed in the corresponding chromosomes from the triploid individual (Fig. 3D ).
Discussion
The genus Rhamdia presents a common diploid number of 2nϭ58, but distinct chromosomal formulas with predominance of biarmed chromosomes, determining high values of fundamental number (Table 1 ). The presence of supernumerary chromosomes is also frequent in several species from this group, displaying a wide size, shape, and number variation (Table 1) . Such karyotypical features are also present in the species herein studied, coupled with a poor heterochromatic pattern, as seen in other species from this genus. In addition, the presence of conspicuous heterochromatic bands in both telomeres of metacentric chromosomes is a characteristic usually associated to the supernumerary chromosomes of Rhamdia, as pointed out by Fenocchio and Bertollo (1990) , Abucarma and Martins-Santos (1998), Andrade et al. (1998 ), Fenocchio et al. (2000 , and Maistro et al. (2002) . However, in Rhamdia sp., such pattern was found at chromosomes from the standard complement (A), whereas small or micro B chromosomes were completely heterochromatic. Roman et al. (2001) reported a similar situation in Rhamdia voluezi, which presented bitelomeric C-bands on the 1 st and 10 th pairs, yet lacking supernumerary chromosomes. This C-banding pattern was previously described in other related groups, such as Pimelodidae, Pimelodus sp. (Souza and Dias 2001) and Iheringichthys labrosus (Carvalho and Dias 2002) , probably constituting a symplesiomorphic feature.
The heptapterid fish present single NORs, but located at distinct positions of different chromosomes (Fenocchio 1993 , Dias and Foresti 1993 , Vasconcelos and Martins-Santos 2000 , Stolf and Dias 2001 . However, for the genus Rhamdia, the location and number of NORs is almost constant among the several species and populations studied, characterized by a NOR pair located on the short arms of submeta-or subtelocentric chromosomes (Hochberg and Erdtmann 1988 , Fenocchio and Bertollo 1990 , Fenocchio et al. 2000 , Vissoto et al. 1999a , Carvalho and Dias 2001 , Roman et al. 2001 , Maistro et al. 2002 . Multiple NORs are rarely observed in this group (Abucarma and Martins-Santos 1998, Andrade et al. 1998) .
The triploid specimen presented cells bearing 2 to 3 active nucleolar organizer regions, located on chromosomes equivalent to those observed on the diploid individuals. Venere and Galetti Jr. (1985) observed a similar case in a triploid specimen of Curimata modesta, suggesting that these genes present a controlled expression pattern. However, an opposite situation was verified in Eigenmannia sp., where three Ag-NORs were constantly seen in a triploid individual, indicating that these cistrons were always active (Almeida- Toledo and Toledo-Filho 1985) .
The correspondence between Ag-NORs and CMA 3 regions indicates a GC-rich composition of NORs, probably at ribosomal gene spacers or between sequences of adjacent repetitive DNA (Schmid 1980) . Similarly, three chromosomes bearing positive CMA 3 signals were observed in the triploid specimen. In fishes, AT-specific fluorochromes produce poor or no positive bands. On the other hand, GC-specific fluorochromes have been widely used in fish NOR studies, as they present a remarkable association to these regions (Souza and Moreira-Filho 1995) . Such correspondence was previously observed in some Pimelodidae species, such as Pirinampus pirinampu and Zungaru zungaru (Swarça et al. 2001a, b) . However, this approach should be considered with caution since Abucarma and Martins-Santos (1996) , 2) Roman et al. (2002) , 3) Toledo and Ferrari (1976) , 4) Fenocchio and Bertollo (1990) some GC-rich regions can be detected without any association to NORs (Artoni et al. 1999) . The equivalence between Ag-NORs and 18S rDNA sites, in both diploid and triploid specimens, confirms a single NOR system for this species. The obtained FISH data using 5S rDNA probe also evidenced a single locus for this gene, located on a pair of meta/submetacentric chromosomes, demonstrating that both classes of rDNA are not syntenic. Although FISH data in Heptapteridae are still scarce (Swarça et al. 2001a , b, Swarça 2003 , present study), they can be useful as an important species-specific chromosomal marker, as observed in some other fish species (Vicente et al. 2001) .
The available data about supernumerary chromosomes in distinct Rhamdia species show differences regarding to size and patterns of constitutive heterochromatin. Fenocchio and Bertollo (1990) , Fenocchio et al. (2000) , and Maistro et al. (2002) , analyzing populations of Rhamdia hilarii, from different localities, reported the presence of additional metacentric chromosomes displaying characteristic bitelomeric C-bands, just as observed in Rhamdia quelen (Hochberg and Erdtmann 1988) . On the other hand, Abucarma and Martin-Santos (1998) found small and euchromatic supernumerary chromosomes in R. voulezi and Rhamdia sp. In the present work, both small and micro-heterochromatic B chromosomes were found in Rhamdia sp., similar to the results obtained by Vissoto et al. (1999b) with R. hilarii. According to Fenocchio (1993) , the presence of B chromosomes in populations of Rhamdia from different hydrographic basins can indicate that these chromosomes were arisen prior to the events of geographical isolation of this group. Studies carried out by Salvador and Moreira-Filho (1992) and Pauls and Bertollo (1990) , in Astyanax scabripinnis and Prochilodus lineatus (cited as scrofa), respectively, demonstrated a similar situation, with the presence of one kind of supernumerary chromosome apparently shared by different populations. Hochberg and Erdtmann (1988) propose that B chromosomes of R. quelen would represent isochromosomes, considering the pattern of heterochromatin distribution, located on the ends of both arms of metacentric chromosomes.
The supernumerary chromosomes of Heptapteridae present an inter-and intra-individual numerical variation, as shown at Table 1, demonstrating that these chromosomes present an irregular behavior during cell division. However, in other fish species, as Astyanax scabripinnis, the B chromosomes maintain a numerical constancy amongst cells, evidencing a mitotic stability (Salvador and Moreira-Filho 1992, Néo et al. 2000) .
Despite of the remarkable presence of B chromosomes in the studied population, they were absent in the triploid individual, contrasting to other reports in fishes, where a simultaneous occurrence of triploidy and additional chromosomes was observed (Venere and Galetti Jr. 1985 , Fauaz et al. 1994 , Maistro et al. 1994 . Polyploidy is a common event in plants (Galinsky 1956 ), while in mammals it is often correlated to embryo losses or birth followed by death (Ohno 1974) . In lower vertebrates, triploidy and viability are compatible (Bogart 1980) . Amongst Cyprinids, for example, there are two major groups; a larger one, composed by diploid representatives, and another formed by polyploids, suggesting a putative polyploid ancestor for the group (Collares-Pereira and Coelho 1989) . In other fish groups, the polyploidy seems to be a random phenomenon, more frequent in hermaphrodite or parthenogenetic species, such as Poecilia formosa (Galetti Jr. and Rasch 1993) . The occurrence of this event in groups with distinct sexes is relatively low (White 1978) .
It is known that polyploidy can be artificially accomplished by several methods, mostly involving physical agents, like thermal or pressure shocks over fresh fertilized eggs, causing a retention of the second polar body (Carvalho et al. 1990) . In natural conditions, the temperature also seems to have influence, at least for fish species. This animal group commonly presents external fertilization, and female meiotic division is completed after spawning. Thus, the female gametes are more susceptible to environmental variation than spermatozoa (Fauaz et al. 1994) , what could favor the retention of the second polar body.
Coincidentally, other cases of natural triploidy were previously reported for some fish species in the region where the animals from the present work were collected, such as Astyanax scabripin-nis, (Fauaz et al. 1994 , Maistro et al. 1994 and Characidium gomesi (Centofante et al. 2001) . As the natural triploidy is a rare event, which are the causes for the reoccurrence of this phenomenon in distinct fish species from that region? We speculate that regional-geomorphologic and environmental-particularities are relevant in this case. The studied region comprises the Mantiqueira hills, characterized by a series of mountains ranging from 600 to 2000 meters of altitude, where several small streams can be found. According to Troppmair (2000) , this region suffers a great annual temperature variation, besides other impacts such as hailstorms. Temperature decreasing can be very drastic in these sites, as these streams present a small water volume in their headwaters. If these events take place during spawning seasons, thermal shock effects over the gametes would facilitate the formation of triploid individuals. Temperature changes are also regarded as some of the putative causes of natural triploidy in Astyanax schubarti (Morelli and Bertollo 1983) , Curimata modesta (Venere and Galetti Jr. 1985) , and Astyanax scabripinnis (Fauaz et al. 1994 , Maistro et al. 1994 .
In conclusion, the genus Rhamdia can be characterized by the maintenance of the standard diploid number (2nϭ58), followed by a numerical variability related to the presence of B chromosomes, besides a structural variation determined by non-Robertsonian rearrangements. The data herein presented are helpful to a better understanding of chromosomal pattern and biodiversity of this fish group, widespread throughout the Neotropical region.
